ABSTRACT
and present in the chloroplast (Steinmüller & Tevini, 1985) . Recently, PPH and PAO were 72 reported to be a co-expression with At5g17450, which was identified as a gene involved in the 73 removal of the Mg atom from Chl a, with a protein located in the plastoglobuli (Lundquist, All purification procedures were performed at 0-4 °C. Chl-degrading POX protein was extraction solution was partially purified using a saturated (NH 4 ) 2 SO 4 (60-90%) precipitation.
175
The solution was then centrifuged at 15,000 g for 15 min at 4 °C, and the precipitate was 176 dissolved in a 10 mM acetated buffer (pH 5.5). Afterward, the partially purified protein was 177 desalted using an ultrafiltration system (ADVANTEC, Japan) with a polysulfone membrane 
208
The cytokinin oxidase/dehydrogenase (CKK) activity was determined using the Libreros- Percoll (Fig. 4) was removed and diluted with the B medium to remove Percoll and then re- developed using ECL plus the Western blotting detection system (GE Healthcare, UK).
300
Subsequently, the blot was exposed to film. spectrophotometer. The absorption spectrum of the pigment was recorded at 665 nm.
307
Pigments were separated on a LiChropher C18 column (MERCK), 4×250 mm, using two were found on day 4 in broccoli florets without UV-B treatment, whereas both were 332 effectively suppressed in broccoli florets with UV-B treatment (Fig. 2) .
334

Purification and characterization of chlorophyll-degrading peroxidase
335
Chl-degrading POX isozymes, especially cPOX1 and cPOX3, were purified using acetone 336 powder prepared from green-yellow florets of broccoli after 4 days of storage. To remove
337
Chl-degrading POX from the acetone powder extract, 60-90%-saturated ammonium sulfate 338 was used as the optimum concentration for enzyme precipitation. Chl-degrading POX 339 purification was pursued by successive chromatographic steps using ammonium sulfate 340 precipitation, as shown in Table 1 . In the first step, ion exchange chromatography (CM-
341
Sepharose) was used, and three activity peaks of Chl-degrading POXs, namely Chl-POX1,
342
Chl-POX2 and Chl-POX3, but especially those of Chl-POX1 and Chl-POX3, were found on 343 CM-Sepharose in the order of the linear gradient (Fig. 2) . A 464-fold increase in Chl-POX1
344
and a 42-fold increase in Chl-POX3 in specific activity were obtained. Chl-POX1 was higher 
355
The molecular weight size of cPOX3, which was purified from Chl-POX3, was 34 kDa 356 using SDS-PAGE with molecular weight markers, while that of cPOX1, which was purified
357
from Chl-POX1, was 43 kDa, as shown in Fig. 3A . In addition, partial purified Chl-POX1,
358
unlike Chl-POX3, was adsorbed by the ConA-Sepharose column, and the development of 359 pink color by the glycoside chain, which was contained in cPOX1, was observed using a 360 periodic acid-Schiff (PAS) staining system after SDS-PAGE (Fig. 3B) 
Cell localization of chlorophyll-degrading peroxidase
366
As shown in Fig. 4 , green (G) and green-yellow (GY) broccoli florets were used for 367 chloroplast isolation, and the intact chloroplast was separated by Percoll gradient 368 centrifugation. Intact chloroplast proteins were run on SDS-PAGE and visualized by
369
Coomassie brilliant blue R-250 (Fig. 4A) . The chloroplast proteins on SDS-PAGE were also 370 blotted to the membrane and hybridized with the rabbit cPOX1 and cPOX3 antibodies, which 371 were prepared from purified Chl-degrading POX (cPOX1 and cPOX3) of broccoli florets. As 
383
However, cPOX3 did not have any cytokinin oxidase activity (data not shown). also suppressed by UV-B treatment.
406
By CM-Sepharose ion exchange chromatography, Chl-POX1 was purified, whereas Chl-
407
POX3 was one-tenth of the specific activity as compared with activity of Chl-POX1, as
408
shown in Table 1 . Therefore, Chl-POX3 was pursued by means of butyl-Toyopearl inhibitor of heme synthesis and protein glycosylation had no effect on Chl degradation and 421 reduced the synthesis of cationic peroxidase (Abeles & Dunn, 1989 Three peaks of Chl-degrading POX activity were separated from senescent broccoli 484 florets by an ion exchange chromatography column, particularly Chl-POX2 and Chl-POX3.
485
The activity of these two types was clearly suppressed by UV-B irradiation. Chl-POX1 486 activity was not clearly inhibited by UV-B irradiation. Only cPOX3, which was purified from Chl-POX3 by column chromatography, localized in the chloroplast. Finally, we would imply 488 that cPOX3 might be involved in Chl degradation in the chloroplast of senescent broccoli.
489
Further study is necessary to elucidate the level of H 2 O 2 in relation to cPOX3 activity in 490 broccoli florets. 
